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Abstract
In this letter, we systematically explore the holographic (non-)relativistic fermionic spectrum
without/with dipole coupling dual to Born-Infeld anti-de Sitter (BI-AdS) black hole. For the rela-
tivistic fermionic fixed point, this holographic fermionic system exhibits non-Fermi liquid behavior.
Also, with the increase of BI parameter γ, the non-Fermi liquid becomes even “more non-Fermi”.
When the dipole coupling term is included, we find that the BI term makes it a lot tougher to
form the gap. While for the non-relativistic fermionic system with large dipole coupling in BI-AdS
background, with the increase of BI parameter, the gap comes into being against.
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I. INTRODUCTION
By now there are not still a well-established theoretical framework to describe and under-
stand the strange metal phase and the Mott gap which are usually attributed to the strongly
correlated effects. Recently AdS/CFT correspondence provides us with a new and operative
approach to attack these problems. The profound influential examples are the building of
the holographic non-Fermi liquids [1], the emergence of Mott gap [2] and flat band [3] from
holographic fermionic system. In this letter, we shall further explore these problems in the
Born-Infeld anti-de Sitter (BI-AdS) geometry.
In [1], they explore the holographic fermionic response over the Reissner-Nordstro¨m (RN-
AdS) back hole. In particular, they numerically study the scaling behavior near the Fermi
surface and find that it exhibits a non-linear dispersion relation [1]. It indicates that this
holographic fermionic system can model non-Fermi liquid behavior which is an example of
strangle metal phase. Furthermore, they find that this scaling behavior is controlled by
conformal dimensions in the IR CFT dual to AdS2 [4]. Subsequently, a lot of extensive
explorations on the Fermi surface structure and associated excitations have also been im-
plemented in more general geometries in [5–20] and references therein. These holographic
fermionic systems are expected to be candidates for generalized non-Fermi liquids and offer
a possible clue to uncover the basic principle hidden behind the strangle metal phase.
While the chiral symmetry-breaking dipole coupling term is introduced, a Mott gap
emerges in the fermionic spectral function [2, 21], which indicates Mott phase is implemented
in the holographic framework. Besides the Mott hard gap, they also find that the spectral
weight transfer between bands, which is one of the characteristic of doped Mott insulator.
Further, the fermionic spectrum in presence of dipole coupling term in other background
have also been explored in [22–31]. These studies further confirm that the emergence of
Mott gap is robust when the dipole coupling term is introduced.
On the other hand, when Lorentz violating boundary terms are imposed on the Dirac
spinor field, a non-relativistic fermionic fixed point can be implemented in AdS/CFT [32].
This dual boundary theory exhibits a dispersionless flat band [3]. Its low energy behavior
is also analytically explored in [33] and they find that the scaling behavior is also controlled
by the IR Green’s function as that at relativistic fermionic fixed point. Further, in [25, 34],
they study the non-relativistic fermionic spectrum in the presence of dipole coupling and
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can’t observe the emergence of gap up to p = 8.
In this letter, we shall study the properties of fermionic response from BI AdS black
hole, which is the corrections to the Maxwell sector. It is the first time to study the effects
on fermionic spectrum from the corrections of the gauge field sector. The BI action is a
non-linear generalization of the Maxwell theory [35]
LBI = 4
γ
(
1−
√
1 +
γ
2
F 2
)
. (1)
The replace of Maxwell action by the BI action is natural in string theory [36]. The nonlin-
earity of BI action is controlled by the BI parameter γ, which has dimension of the square of
length and is related to the string tension α′ as γ = (2piα′)2. When γ → 0, the Born-Infeld
term reduces to Maxwell term, i.e., LM = −F 2, whereas in the limit γ →∞, it vanishes.
Our letter is organized as follows. In section II we present a brief review on the BI-AdS
geometry and analyse its IR geometry. And then we derive the Dirac equation in BI-AdS
background and give the expressions of relativistic and non-relativistic spectral function in
section III. In section IV, the fermionic spectrum from BI-AdS background are numerically
worked out and discussed. Conclusions and discussion are summarized in section VI.
II. EINSTEIN-BORN-INFELD BLACK HOLE
The BI-AdS geometry and the extended studies have been explored in detail in [37–42]
and references therein. Here, we only give a brief review on the BI-AdS geometry related
with our present study.
We first start with the action
S =
1
2κ2
∫
d4x
√−g
[
R +
6
L2
+ LBI
]
. (2)
This action supports a charged BI-AdS4 black hole solution [37, 38],
ds2 = −gttdt2 + guudu2 + gxxdx2 + gyydy2, (3)
gtt =
f(u)
u2
, guu =
1
u2f(u)
, gxx = gyy =
1
u2
, (4)
f(u) = 1−Mu3 + 2
3γ
(
1−
√
1 + γQ2u4
)
+
4Q2u4
3
2F1[
1
2
,
1
4
;
5
4
;−γQ2u4], (5)
At = µ
(
2F1[
1
2
,
1
4
;
5
4
;−γµ2]− u 2F1[1
2
,
1
4
;
5
4
;−γµ2u4]
)
, (6)
3
M = 1 +
2
3γ
(
1−
√
1 + γQ2
)
+
4Q2
3
2F1[
1
2
,
1
4
;
5
4
;−γQ2], µ = Q, (7)
where 2F1[a, b; c; z] is a hypergeometric function. The horizon locates at u = 1 and the
boundary at u = 0. The dimensionless temperature is given by
T =
1
4pi
[
3 +
2
γ
(1−
√
1 + γQ2)
]
. (8)
Note that in the limit γ → 0, the redshift factor f(u) and the gauge field At(u) reduce to
that of RN-AdS, respectively.
Before proceeding, we shall analyse the IR geometry of BI black hole, which is important
to understand the low frequency behavior of holographic fermionic spectrum. Here we only
focus on the zero temperature limit, which is obtained by setting
µ = µγ ≡
√
9γ + 12
2
. (9)
In this case, the redshift factor f(u) becomes
f(u)|T=0,u→1 ' 3(4 + 3γ)
2 + 3γ
(u− 1)2 ≡ 1
L22
(u− 1)2, (10)
where we have defined L2 '
√
2+3γ
3(4+3γ)
, which is explicitly dependent on the BI parameter γ.
Considering the following scaling limit
u− 1 = −L
2
2
ς
, t = −1τ , → 0, with ς, τ finite, (11)
under which, the near horizon metric and gauge field can be wrote as
ds2 =
L22
ς2
(−dτ 2 + dς2) + dx2 + dy2 , Aτ = e
ς
, (12)
with e = µ√
1+γµ2
L22. Therefore, as that of RN-AdS geometry, the near horizon geometry of
BI AdS black hole is AdS2 × R2 with curvature radius L2.
III. DIRAC EQUATION
Subsequently we shall use the following fermion action to probe the BI-AdS geometry
SD = i
∫
d4x
√−g ζ (ΓaDa −m− ip /F) ζ, (13)
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where Da = ∂a + 14(ωµν)aΓµν − iqAa and /F = 12Γµν(eµ)a(eν)bFab with (eµ)a and (ωµν)a being
a set of orthogonal normal vector bases and the spin connection 1-forms, respectively. p is
the dipole coupling strength.
Making a redefinition of spinor field ζ = (gttgxxgyy)
− 1
4F and the Fourier expansion with
kx = k and ky = 0,
F =
∫
dωdk
2pi
F (u, k)e−iωt+ikx, (14)
the Dirac equation can be deduced from the above action (13) as following[
(∂u −m√guuσ3) +
√
guu
gtt
(ω + qAt)iσ
2 + ((−1)Ik
√
guu
gxx
+ p
√
gtt∂uAt)σ
1
]
FI = 0 , (15)
with I = 1, 2. In the above equations, we have used the following gamma matrices
Γu =
 −σ3 0
0 −σ3
 , Γt =
 iσ1 0
0 iσ1
 ,
Γx =
 −σ2 0
0 σ2
 , Γy =
 0 −iσ2
iσ2 0
 . (16)
Furthermore, we can also express the above Dirac equations in terms of 4-component spinors
AI and BI defined as FI ≡ (AI ,BI)T ,
(∂u −m√guu)AI +
√
guu
gtt
(ω + qAt)BI + ((−1)Ik
√
guu
gxx
+ p
√
gtt∂uAt)BI = 0 , (17)
(∂u +m
√
guu)BI −
√
guu
gtt
(ω + qAt)AI + ((−1)Ik
√
guu
gxx
+ p
√
gtt∂uAt)AI = 0 . (18)
It is more convenient to implement the numerical computation by packaging the above Dirac
equations into the following flow equation
(∂u − 2m√guu)ξI +
[
v− + (−1)Ik
√
guu
gxx
]
+
[
v+ − (−1)Ik
√
guu
gxx
]
ξ2I = 0 , (19)
where we have defined ξI ≡ AIBI and v± =
√
guu
gtt
(ω + qAt) ∓ p
√
gtt∂uAt. To solve the above
flow equation, we shall impose the boundary conditions at the horizon u = 1 for ω 6= 0,
ξI |u=1,ω 6=0 = i , (20)
which is based on the requirement of ingoing wave propagating near the horizon. While for
T = 0 and ω = 0, an alternative boundary condition at u = 1 should be imposed as [1, 5]
ξI |u=1,ω=0 = m−
√
k2 +m2 − (qµγL2)2 − i
k + qµγL2
. (21)
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Once we have the flow equation (19) with the boundary conditions at the horizon in
hand, we can read off the boundary Green’s function following the prescriptions in [4],
G(ω, k) = lim
u→∞
u−2m
 ξ1 0
0 ξ2
 . (22)
It is the case of the relativistic fixed point [1], in which the bulk action (13) is accompanied
by a Lorentz covariance boundary term as
Sbdy =
i
2
∫
∂M
d3x
√−hζ¯ζ , (23)
where h is the determinant of induced metric on the boundary. And then the spectral
function is defined as
A(ω, k) ≡ ImTrG(ω, k) = Im[G11(ω, k) +G22(ω, k)] . (24)
But from the Dirac flow equation (19) it is easy to infer that
G22(ω, k) = G11(ω,−k) . (25)
Therefore, at the relativistic fermionic fixed point, we usually focus on G22(ω, k) instead of
A(ω, k).
On the other hand, if we replace the boundary term (23) by a Lorentz violating one [3, 32]
Sbdy =
1
2
∫
∂M
d3x
√−hζ¯ΓxΓyζ , (26)
we shall have a non-relativistic fixed point in which the dual field theory is not Lorentz
covariant. In this case, the fermionic spectral function can be expressed in terms of the
retarded function at the relativistic fixed point [3, 34]
GNR =
 2G11G22G11+G22 G11−G22G11+G22
G11−G22
G11+G22
−2
G11+G22
 . (27)
Consequently, the spectral function at non-relativistic fixed point has the form
ANR(ω, k) = ImTr[GNR] = Im
[2G11G22 − 2
G11 +G22
]
. (28)
In this letter, we shall discuss the fermionic spectrum dual to BI gravity at relativistic fixed
point and non-relativistic one, respectively.
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FIG. 1: The 3d and density plots of ImG22(ω, k) for γ = 0.4. A sharp quasi-particle-like peak can
be observed around ω = 0 and kF ' 0.83. All the other parameters are fixed as q = 1, m = 0,
T = 0 and p = 0.
IV. RELATIVISTIC FERMIONIC SPECTRUM
In this section, we shall systematically study the fermionic spectrum dual to BI-AdS
geometry by numerically solving the Dirac equations.
A. Fermionic spectrum without dipole coupling
In this subsection, we explore the fermionic spectrum without dipole coupling term at
relativistic fixed point. Our interesting point mainly focus on how does the BI parameter γ
affect the fermionic spectrum and so we fit q = 1, m = 0, T = 0 and p = 0 without any real
loss of generality. Similar with that in RN-AdS black hole [1], a sharp quasi-particle-like
peak near ω = 0 and kF ' 0.83 can also be found in the holographic fermionic spectrum
dual to BI-AdS black hole (FIG.1). Next, we shall quantitatively study the relation between
the Fermi momentum kF and the BI parameter γ.
Before proceeding, we shall follow the procedure in [1] to demonstrate that the quasi-
particle-like peak observed in FIG.1 is an infinitely sharp excitations. To this end, we focus
the behavior in the region of small k⊥ ≡ k − kF and ω. Firstly, we show ImG22(ω, k) as a
function of ω for a given k and γ = 0.4 in the first and second plots in FIG.2. As k⊥ → 0−,
both peak located in the region ω < 0 and bump in ω > 0 approach ω = 0 (the first plot
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FIG. 2: The first and second plots: ImG22(ω, k) as a function of ω for a given k. The third plot:
ImG22(ω, k) as a function of k for a given ω. All the other parameters are fixed as γ = 0.4, q = 1,
m = 0, T = 0 and p = 0.
in FIG.2)1. Eventually, they meet and produce infinitely sharp excitations with infinite
heights and zero widths near ω = 0 and k = kF . On the other hand, we plot ImG22(ω, k)
as a function of k for a given small ω in the third panel in FIG.2. We find that in the limit
ω → 0−, a sharp excitation with infinite height and zero width produces, implying that
there is an Fermi peak located near ω = 0. We can work out the location of Fermi peak in
the momentum space in the limit ω → 0− to get the Fermi momentum as kF ' 0.8352 for
γ = 0.4.
In determining the Fermi momentum kF , there are some subtleties. We present as follows.
Firstly, for ω = 0 and m = 0, if k > qµγL2, the boundary condition (21) at u = 1 is real.
Together with the real Dirac equation (19), we can deduce that the ImG11 and ImG22 are
identically zero for k > qµγL2 at ω = 0. For instance, when γ = 0, which reduces to the
case of RN-AdS, kF ' 0.9185 is belong to the region k > qµ√6 = 1√2 . So in this case we
cannot impose the boundary condition (21). Alternatively, we should impose the boundary
condition (20) in the limit ω → 0− to locate the Fermi momentum kF . Secondly, since the
Dirac equation (19) is singular at the horizon u = 1, in numerics the boundary condition
must be impose close to the horizon instead of the horizon itself. Also, to see the infinitely
sharp excitations, we have to impose the boundary condition very close to the horizon. Here,
we impose the boundary condition at u = 1− 10−6.
Based on the above prescription on the excitation of Fermi peak and the key points on
the numerics, we plot the ImG22 as a function of k at ω = −10−6 for sample BI parameter γ
in the left plot in FIG.3. We can see that with increase of γ, Fermi momentum kF decreases.
1 When k⊥ → 0+, both bumps approach ω = 0 (see the second plot in FIG.2).
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FIG. 3: Left plot: ImG22 as a function of k at ω = −10−6 for sample BI parameter γ. Right plot:
The red dashed line is the relation between the BI parameter γ and the location of the peak of
ImG22 as a function of k for ω = −10−6. The blue zone is the oscillatory region. All the other
parameters are fixed as q = 1, m = 0, T = 0 and p = 0.
Further, we show the relation between γ and the location of the peak of ImG22 as a function
of k for ω = −10−6 in the right plot in FIG.3. The blue zone is the oscillatory region, in
which νI(k) becomes pure imaginary
2. Outside the oscillatory region, the peak signals a
Fermi surface (right plot in FIG.2). While when the peak enter the oscillatory region, it
loses its meaning as Fermi surface.
Once the Fermi momentum kF is worked out, we can analytically obtain the scaling
exponent z of dispersion relation3. Our results are summarized in Table I. We find that
z > 1 and as γ increases, z also increase. It indicates that the holographic fermionic system
dual to BI-AdS black hole is non-Fermi liquid. Moreover, with the increase of BI parameter
γ, the degree of deviation from Fermi liquid become more obvious.
γ 10−5 0.1 0.2 0.3 0.4
kF 0.9124 0.8933 0.8723 0.8531 0.8352
z 2.0999 2.3431 2.7151 3.3632 4.9262
TABLE I: The scaling exponent z with different BI parameter γ. All the other parameters are
fixed as q = 1, m = 0, T = 0 and p = 0.
2 νI(k) is defined as νI(k) ≡
√
(m2 + k2)L22 − q2e2, which relates the conformal dimension of the dual
operator in the IR CFT as δk =
1
2 +νI(k). When νI(k) becomes pure imaginary, the UV Green’s function
is periodic in logω and so the region of k satisfying νI(k) being pure imaginary is dubbed as the oscillatory
region. For more details, please see [1, 4, 15].
3 We have used the analytical expression of the scaling exponent z (Eq.(93) in [4]), which is applicable for
that with AdS2 near horizon geometry.
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FIG. 4: The 3d and density plots of ImG22(ω, k) with γ = 0.45 for p = 10, in which a gape can be
observed. All the other parameters are fixed as q = 1, m = 0, T = 0.
B. Fermionic spectrum with dipole coupling
In this subsection, we shall turn on the dipole coupling to see the common effects of
dipole coupling p and BI parameter γ on the formation of gap.
1. zero temperature
In the last subsection, we have seen that although with the increase of BI parameter
γ, the peak of spectral function enters into the oscillatory region and loses the meaning of
Fermi surface, but Mott gap doesn’t occur for p = 0. Therefore, we will introduce dipole
coupling term between the spinor field and gauge field as in [2, 21] to see the formation of
Mott gap in BI-AdS background. In particular, we will pay close attention to the effects of
BI parameter γ on the formation of Mott gap.
We firstly show 3d and density plots of ImG22(ω, k) with γ = 0.45 for p = 10 in FIG.4.
A hard gap indeed emerges in the fermionic spectrum dual to BI-AdS background when
dipole coupling p exceeds some critical value, which is similar with that found in RN-AdS
background [2, 21] and other geometries [22–31]. Furthermore, we show the phase diagram
(γ, p) in FIG.5. The blue line is the critical line, above which Mott gap opens4. From this
figure, we can see that for fixed γ a phase transition happens from non-Fermi liquid phase
4 In numerics, we determine the critical line by identifying the onset of gap with that the density of state
(DOS) A(ω) drops below some small number (here, we take 10−2) at the Fermi level.
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FIG. 5: The critical value pc of Mott transition vs. γ for q = 1, m = 0 and T = 0.
FIG. 6: The 3d and density plots of ImG22(ω, k) for γ = 0.45 and p = 10 at T = 0.01. The gap
closes. All the other parameters are fixed as q = 1 and m = 0.
to Mott gapped phase with the increase of p. Quantitatively, with the increase of γ, the
critical value of p increases (FIG.5 and TABLE II). It indicates that the BI parameter γ
plays the role of hindering the formation of Mott gap.
γ 10−5 0.1 0.2 0.4 0.6 0.8 1
pc 4 4.94 6.06 8.97 12.93 16.84 21.20
TABLE II: The critical value pc with different BI parameter γ. All the other parameters are fixed
as q = 1, m = 0 and T = 0.
2. Finite temperature
For some Mott insulators [43, 44], a transition from insulating phase to metallic phase
happens as the temperature is increased. The dynamics at different temperature has also
11
FIG. 7: The 3d and density plots of non-relativistic spectral function A(ω, k) for γ = 0.45. All the
other parameters are fixed as q = 1, m = 0, p = 0 and T = 0.
been revealed in holography [2, 21, 29]. Also they quantitatively give the ration ∆/T∗ ' 10
for p = 6 (or p ' 7), where ∆ is the gap width at the zero temperature and T∗ the critical
temperature at which the gap closes. The ration ∆/T∗ by holography is at the same order of
magnitude as that of some transition-metal oxides such as V O2, for which it is approximately
20. Here, we shall mainly focus on the effects of BI parameter γ on the dynamics at different
temperature.
FIG.6 shows 3d and density plots of ImG22(ω, k) for γ = 0.45 and p = 10 at T = 0.01, in
which we obviously observe that the gap closes when we heat up the system up to certain
critical temperature. Quantitatively, we present the ratio ∆/T∗ for different BI parameter
γ for fixed p = 10 in Table III, from which, we can observe that with the increase of γ, the
ratio ∆/T∗ decreases5.
γ 10−5 0.1 0.3 0.45
∆/T∗ 13.26 11.58 7.59 6.89
TABLE III: The ratio ∆/T∗ with different BI parameter γ. All the other parameters are fixed as
q = 1, m = 0 and p = 10.
5 Note that besides γ, the ratio ∆/T∗ also depends on the other parameters in the system as p and q.
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FIG. 8: Plots above: The 3d and density plots of the non-relativistic spectral function A(ω, k) for
p = 2 and γ = 0.45. Plots below: The 3d and density plots of the non-relativistic spectral function
A(ω, k) for p = 20 and γ = 6. All the other parameters are fixed as q = 1, m = 0, and T = 0.
V. NON-RELATIVISTIC FERMIONIC SPECTRUM
In this section, we shall explore the non-relativistic fermionic spectrum dual to BI-AdS
black hole. FIG.7 shows the 3d and density plots of the non-relativistic spectral function
A(ω, k) for p = 0 and γ = 0.45, in which a holographic flat band emerges as revealed in other
geometries [3, 9, 11, 13, 33, 34]. The band is mildly dispersive at low momentum region
while dispersionless at high momentum region. Also the flat band is located at ω ' −1.78,
which is just the effective chemical potential µγ (Eq.(9)). At the same time, instead of the
Fermi surface in the relativistic fermionic spectrum, only a small bump is developed at the
Fermi level in the non-relativistic one.
In [25, 34], it has been shown that when the dipole coupling term is turned on, the flat
band is robust and also locates at ω ' −qµ. In addition, the Fermi surface emerges again
as the dipole coupling p increases, which is different from the relativistic case that a gap
13
forms. However, the thing becomes subtle when the dipole coupling is turned on in BI-AdS
background. FIG.8 shows that for small p and γ (the plot above in FIG.8), the Fermi surface
sprouts up again as seen in [25, 34], while for large p and γ (the plot below in FIG.8), a gap
produces again. In the following, we shall quantitatively explore the effects from BI term.
We firstly fix the dipole coupling p = 2. For γ = 10−5, we find that a sharp quasi-particle-
like peak emerges at kF ' 1.0892 (left plot in FIG.9), which is consistent with that found
in [34]. With the increase of γ, the peak gradually becomes disperse and finally develops
into some small bumps6. But even if we further increase γ, we cannot see the formation of
gap. Also we show the relation between the BI parameter γ and the location of the peak
of non-relativistic spectral function AN(k) (ω = −10−6) in right plot in FIG.9, in which we
can see that the peak doesn’t touch the oscillatory region.
Subsequently we furthermore increase p to see what happens. The left plot in FIG.10
exhibits the non-relativistic spectral function AN(k) with p = 16 at ω = −10−6 for sample
γ. With the augment of γ, the sharp quasi-particle-like peak also becomes disperse like the
case of p = 2. But for the case of p = 16, before developing into small bump, with the
increase of γ, the peak firstly bifurcates and then they again combine into one. It is a new
phenomenon calling for further understanding. The right plot in FIG.10 shows the relation
between γ and the Fermi momentum kF for p = 16 in the region γ ∈ [0, 2], which indicates
the Fermi momentum kF increases as γ increases
7. In addition, the peak doesn’t touch the
oscillatory region as that of p = 2.
Now, we shall turn to explore the formation of Mott gap at the non-relativistic fermionic
fixed point in BI-AdS background. In FIG.8, it has been revealed that for the large p non-
relativistic fermionic system in BI-AdS background, a gap opens when γ is beyond some
critical value. Here, we quantitatively plot the relation between DOS at ω = 0 and γ
for p = 16 in FIG.11, which shows that the DOS decreases with the increase of γ and the
critical value of gap formation can be numerically determined as γc ' 5.6. Above this critical
value, a gap opens. Furthermore, for p ∈ [15, 22], the phase diagram (p, γ) is exhibited in
6 Note that for the relativistic fermionic spectrum, we don’t observe the dispersive peak before the peak
enters into the oscillatory region. This difference between the relativistic fermionic spectrum and the
non-relativistic one calls for further understanding.
7 We would also like to point out that when γ is beyond some critical value, the location of peak begins to
decrease and the peak gradually becomes disperse.
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FIG. 9: Left plot: The non-relativistic spectral function AN (k) with p = 2 at ω = −10−6 for
sample BI parameter γ. With the increase of γ, the quasi-particle-like peaks develop into some
small bumps. Here, we have imposed the boundary condition at u = 1 − 10−6. Right plot: The
red line is the relation between γ and the location of the peak of non-relativistic spectral function
AN (k) (ω = −10−6) for p = 2. The yellow zone is the oscillatory region. The peak don’t touch the
oscillatory region. All the other parameters are fixed as q = 1, m = 0 and T = 0.
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FIG. 10: Left plot: The non-relativistic spectral function AN (k) with p = 16 at ω = −10−6 for
sample BI parameter γ. Here, we have imposed the boundary condition at u = 1 − 10−6. Right
plot: The red line is the relation between the BI parameter γ and the Fermi momentum kF for
p = 16 in the region γ ∈ [0, 2]. The inset exhibits the oscillatory region. The peak doesn’t touch
the oscillatory region. All the other parameters are fixed as q = 1, m = 0 and T = 0.
FIG.11, from which we see that for the fixed p ∈ [15, 22] a phase transition from non-Fermi
liquid phase to Mott phase as γ becomes large. It indicates that for large p non-relativistic
fermionic system, the BI parameter γ plays the key role in the formation of gap.
Finally, we would like to point out that it is in the region p ∈ [15, 22] that the Mott gap is
observed as γ is beyond some critical value. When p lies outside this region (p ∈ [15, 22]), it
is hard to determine the critical line between non-Fermi liquid phase and Mott phase since
the numerics become heavier at large p or large γ. But we would like to point out that
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FIG. 11: Left plot: The relation between DOS of the non-relativistic fermionic spectrum at ω = 0
and γ for p = 16. There is a critical value γc ' 5.6, above which a gap opens. Right plot: The
phase diagram (p, γ) at the region p ∈ [15, 22]. The blue line is the critical line, above which the
Mott gap opens. All the other parameters are fixed as q = 1, m = 0 and T = 0.
the result presented in the right plot in FIG.11 is not contradict with the previous study in
[25, 34], in which the they only explore the case of p ≤ 8. To address this problem for larger
p, the analytical exploration needs to be developed as that in [4, 21, 33]. We leave this for
future study.
VI. CONCLUSIONS AND DISCUSSION
In this letter, we systematically explore the fermionic spectrum dual to BI-AdS black hole.
It is the first time that the effects on fermionic spectrum from the corrections of non-linearity
of gauge field are worked out. Our results illuminate some new phenomenon in fermionic
spectrum different from that from GB correction or other geometries [5, 8–20, 22–31, 33].
We summarize our main findings as follows.
• The relativistic fermionic system dual to BI-AdS black hole exhibits non-Fermi liquid
behavior. The BI parameter aggravates the degree of deviation from Fermi liquid.
While for the non-relativistic fermionic system, the quasi-particle peak develops into
the small bump, which is consistent with that found in RN-AdS and dilaton black
hole.
• For the relativistic fermionic system with dipole coupling, with the increase of BI
parameter the formation of gap gradually becomes hard. It indicates that the BI
parameter hinders the formation of Mott gap.
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• For the non-relativistic fermionic system with large dipole coupling in BI-AdS back-
ground, with the increase of BI parameter, the gap emerges against, which is a new
phenomenon.
Still there are a lot directions worthy of further exploration in the future. Firstly, it is
valuable to analytically work out the low frequency behavior of the non-relativistic fermionic
system with dipole coupling in BI-AdS black hole following that in [33], in which the low
frequency behavior has been obtained for the non-relativistic fermionic system. Secondly, it
is also interesting to explore the phase diagram (T, γ) to further see the role BI parameter
playing. Thirdly, it maybe give more rich physics to explore the fermionic spectrum dual the
gravity background with Weyl correction, which has exhibited the strong to weak coupling
transition in the dual field theory [45–47]. The related works in these directions are under
progress. Fourthly, although the fermionic spectrum exhibits the emergence of a gap when
the dipole coupling term is introduced, it is important to note that the electric conductivity
is not be gapped, since the underlying AdS2 IR geometry is not a cohesive phase. In this
sense these systems are not real Mott insulator. To implement a real Mott insulator with
gapped electric conductivity and fermionic spectrum, we can introduce the probe fermion
in the gapped geometry for the gauge field, for instance in [48–50] and explore the fermionic
excitation.
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